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ABSTRACT

The modified Claus process is commonly used in oil refining and gas
processing to recover sulfur and destroy contaminants formed in up-
stream processing. In oil refining, in addition to the typical modified Claus
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plant feed of H,Sand CO,, NH,, CS,, and COS are also often present or
formed. These contaminants pose a risk of poisoning the catalyst beds
and plugging off downstream equipment, as well decreasing the overall
achievable sulfur recovery. In this paper, the parameters that may affect
adjusting the temperature of furnace and converters will be discussed.
These process parameters are important in designing a new Claus sulfur
recovery plant. For this purpose, atypical sulfur recovery unitisanalyzed

and the main process temperatures are achieved.
© 2012 Trade ScienceInc. - INDIA

INTRODUCTION

The Clausprocess continuesto bethemost widdly
used processfor the conversion of H,Sto sulfur™. The
task of Claus processesistorecover elemental sulfur
from hydrogen sulfide and, more generally, from
byproduct gases originating from physical and chemi-
cd gasand ail treatment unitsinrefineries, natural gas
processing, and gasification plants, to quoteafew!?.
They consist of athermal reaction furnace, awaste heat
boiler, and aseriesof catalytic reactors (Converters)
and condensers(Figure 1). Thereactionsoccurringin
thefurnacearenumerous, and severd authorshaveat-
tempted to delineate theimportant ones®*4. The over-
all reaction characterizing the processisasfollowg?:

2H,5+0,=S,+2H,0 )

Inthefirst step or thermal stage, one-third of the
H_Siscompletely oxidized to SO, in the reaction fur-
nace, located at the front end of plant. A benefit that
a so occursisthe production of significant quantitiesof
elementd sulfur (S,) fromthetherma decomposition of
H_S. Infact, the sulfur produced inthefurnaceis 50-
60% of thetotal sulfur condensedintheplant. Themain
H,Soxidation reactionig?,

H,S+%,0, =S0,+H,0 @)

Thereactionfurnaceisfollowed by thewaste heat
boiler (WHB), where heat isrecovered by cooling the
furnace product gases™. Inthe second step or the cata-
lytic stage, unreacted H,Sisthen combined with SO,,
produced viaeg. 2, over an duminacatalyst to form
elemental sulfur infixed bed reactorsby thefollowing
reaction”8,
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2H ZS(9) + S02(9) = 3/n Sn(9) +2H 20(9) (3)
High conversionsfor thisexothermic, equilibrium-
limited reaction call for low temperatures, the use of
which, however, leadstolow reactionrates, so that a
catalyst must beemployed. Even so, high sulfur yields
gl necesstateamultistage processwithinterstage cool -

ingand sulfur condensation®.
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Figurel: Theconfiguration of atypical Clausunit

Sulfur formed in each stage of the Clausplantis
condensed and recovered to achieve maximum con-
versoninthecataytic reactors. Theunrecovered sul-
fur, in elemental or combined form (H,S, COS, CS)),
iscombusted to SO, inthetail gasincinerator whichis
then emitted to the atmosphere. Tail gasclean-up units
are added sometimes prior to incineration toincrease
the sulfur recovery and minimizeemissiong”.

Oneof thefurnace functionsisdestruction of any
contami nantswhich may foul downstream equipment.
Inoil refinery operations, NH, isformed asabyproduct
whichisthen directed to the sulfur recovery facility for
destruction®. Incompl ete pyrolysisor combustion of
NH, inthefurnaceresultsin NH, and NO carryover
into the catalyst beds. Ammoniacan form ammonium
salts, which can plug or foul the catalyst beds, other
equipment, or piping. Although theformation of SO,
occursinthecatalyst bed regardless of the presence of
NO, thepresence of NO inthe beds actsasacatalyst
for the conversion of SO, to SO,, whichinturn causes
catalyst sulfation®®. Of the primary causes of catalyst
activity loss, catalyst sulfation isregarded asthe most
significant™, Itisthereforecritical to convert asmuch
of theNH,toN,, H,, and H,O as possible.

For anmoniadestruction, anempirica ruleof thumb
that isgenerdly agreed withinindustry isthat tempera-
tures greater than 1200-1250 °C are required®. The
furnacetemperaturesarebd ow thetemperaturelimita-
tionsof conventiond refractoriesof 1600 °C and above
the minimum stable furnacetemperature of 926 °C*Y,

—= PFyll Pgper

Thereaction furnacetemperature should not exceed
1380 °C in order not to exceed the maximum tempera-
turelimitationsof theequipment materia 52,

Inthe Claus process, other sulfur compoundswill
form, such as carbon disulfide (CS,) and carbon ox-
ysulfide (COS), and these compounds can often con-
tribute from 20 to 50% of the pollutantsin the tail-
gas*. Furthermore, presenceof O, tracesintheCS -
H.,O mixture caused adecreaseintheactivity of alu-
minaand titania catal ysts due to sulfate formation®.
Therefore, COSand CS, should be hydrolyzedinthe
catal ytic converter!*617, asshown below:
COS+H,0H,S+CO, (4
CS,+2H,0 - 2H,S+CO, (5)

Thetemperatureof thefirgt catdyticreactor ismain-
tained at about 350 °C to hydrolyze COS and CS2,
whilethat of the subsequent reactorsisjust abovethe
sulfur vapor dew point®®. Transition metal oxidescan
be used to modify gammaraluminato form acatal yst
that iseffective at temperatures higher than the dew
point of sulfurl*>2, However, thermodynamics provide
astrongincentiveto operate the catal ytic convertersat
low temperature?>?¥ as alower temperature should
increasethe exothermic reaction efficiency. Therefore,
the temperature of the process gas at theinlet of the
cata ytic convertersshould be such that the effluent gas
temperatureisabout 14-17°C higher than the expected
outlet sulfur dew point and High enough for hydrolysis
of COSand CS2for thefirst catalytic converter onlyi24
(about 350 °C).

Inthis paper, thetemperature of reaction furnace
of atypical clause sulfur recovery unitisadjusted to
ensure suitable NH, destruction. Moreover, theinlet
temperaturesof SRU convertersare determined such
that the proper conversion can be achievablewithout
any processing problems. The process temperatures
aresgnificant for designing aClaussulfur recovery units.

SRUREACTION FURNACE

Asmentioned before, sinceonly one-third of H,S
convert to SO, inreaction furnace, the unreacted H,S
and inert gases consumetherel eased energy fromthis
exothermic reactionto reach thefurnace temperature.
It decreasesthetemperature of reaction furnace. For
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thisreason, the gas streams containing considerable
amounts of anmoniainvolveasplit-flow reaction fur-
nace design (Figure 2). In thismethod, al the com-
bustion air and all the ammoniacontai ning sour gas
are mixed with aportion of the acid gas stream and
inserted to the first zone of the furnace and there-
maining acid gasisthen mixed with the products of
combustion fromthefirst zonein zone 2 of thereac-
tion furnace®29,
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Figure2: A split-flow reaction furnacedesign

For illustrating the split-flow method, the Claus
unit of atypical refinery isconsidered. Thefeed stock
of thisunit is consist of 74 Kmole/h acid gas from
amine sweetening unit at 46 °C and 1.3 bar, together
with 38 Kmole/h sour gas from sour water treating
unit at 90 °C and 1.5 bar. The molar compositions of
these streams are presented in TABLE 1. The sour
gas stream contains 275.2 Kg/h ammoniaand there-
fore, thefurnacetemperature should riseup to an ap-
propriate value. For thisreason, acase study is per-
formed in which theacid gas split into two zone. Fig-
ure 3illustratethe achieved result. Thehorizontal axis
indicatestheratio between the flow rate of acid gas
entered to zone 1 to theflow rate of acid gasentered
to zone 2. Thevertical axisrepresentsthe changesin
thetemperature of zone 1. Thisfigure hasamaximum
which refer to the equilibrium reaction condition be-
tween air and H_S. Beforethis point, the amounts of
H_S areless than needed one-third of total H,Sand
therefore, temperatureisdecreased. Regarding to Fig-
ure 3, if the split-flow ratio was equal t0 0.8, atem-
perature around 1350 °C would be achievable for
zonel of thereaction furnace. Thistemperature guar-
antiesthe compl ete destruction of NH,,. If more ex-
pensiverefractorieswith moreresi stancewas applied,
the furnace would be operate at higher temperatures
by decreasing thisratio (seefigure 3).
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Figure3: A split-flow ratio between zone 1 and zone 2 vs.
variationsof zoneltemperature

TABLE 1: The composition of the Claus unit of a typical
refinery

Mole Fraction

Component -
Acid Gas Sour Gas
H,S 91.6 24.3
H20 7.3 33.2
C2H6 11 0
NH3 0 42,5

Problemswith the split-flow designincludeinad-
equate destruction of hydrocarbonsand ammoniathat
might be contained in the bypassed portion of theacid
gasand inadequate reaction furnaceresidencetimefor
thermal Claussulfur conversion. Thedternateway to
overcomethisproblemispreheating theacid gasand
combustion air and using ahigh-intensity reaction fur-
nace burnerty.

SRU REACTORS(CONVERTERS)

Thetemperature of the processgasat theinlet of
the catal ytic converters should be such that the efflu-
ent gastemperatureisabout 14-17 °C higher than the
expected outlet sulfur dew point. For this purpose,
the outlet stream of two convertersinthe above plant
isinvestigated. TABLE 2 presents pressure, tempera-
ture, and compositions of outlet streams of these con-
verters. These dataare achieved by the assumption of
265 °C for temperature of the first converter inlet
stream and 195 °C for temperature of the second con-
verter inlet stream.

Figure4 present the variation of vapor phasefrac-
tionvs. outlet temperatures of two Clausreactors. Ac-
cording to thisfigure, dew point of thefirst converter
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outlet stream isequal to 253 °C whichis57 °C less
than itsassumed temperaturefrom TABLE 2. Withre-
gpect to criterion of 14-17 °C, the temperature of 270
°C seems to be appropriate for the outlet temperature
of first converter. However, thistemperature should be
increased to ensured hydrolysisof COSand CS, inthe
first reactor. Therefore, theassumption of 265°Cisa
good valuefor thetemperature of thefirst converter
inlet stream. Furthermore, dew point of second con-
verter outlet streamisequal to 210 °Cwhichis15°C
lessthanitsassumed temperaturevaluefrom TABLE 2
and takesthe above criterion in the consideration.

TABLE 2: Theoutput conditionsof Clausconverters

Converter 1 Converter 2

Pressure (bar) 11 1.05
Temperature (°C) 310 225
Component (mass%o)
H.S 2.8 0.8
H.O 229 28.0
CO, 0.6 0.7
SO, 2.7 0.8
H> 0.2 0.2
N, 56.4 65.7
Sulfur 14.4 3.8
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Figure4: Variation of vapor phasefraction vs.temperature,
for tworeactorsoutlet converters

CONCLUSION

Themodified Claus processwasintroduced asa
commonly unit to recover sulfur and destroy contami-
nants formed in upstream processing. In these units,
inaddition to converting H,Sto sulfur, other contami-
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nants such as NH,, CS,, and COS must be elimi-
nated. Rigorous adjustment of processtemperatures
isimportant for thissubject. Inthis paper, the param-
etersthat may affect adjusting thetemperature of fur-
nace and converterswere investigated by means of
analyzing atypical sulfur recovery unit. Theachieved
resultsillustrateamethod which isuseful for designing
the new sulfur recovery units.
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